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The CD4+ T lymphocytes are the crucial cells in the cascade of events in forming immune response to the
foreign antigen and hence monitoring the CD4+ T cell counts to understand the extent of immune deficiency
is a common practice. CD4+ T cells are also the primary target cells for human immunodeficiency virus
(HIV). Hence CD4+ T lymphocyte count is the most important marker of immune dysfunction in HIV
disease progression. The estimation of CD4+ T cell counts is used to decide the initiation of anti retroviral
therapy (ART), to monitor the efficacy of ART and to start treatment for opportunistic infections (OlIs).
To develop the threshold levels of CD4+ T cell counts, data from western countries are being used in
India. The CD4+ T cell counts are known to be influenced by race and environmental factors. Hence
it is important to establish the reference ranges for the CD4+ T cell counts in the target population to
understand the immune dysfunction. The information on the lower limits of the CD4+ T cells count is
necessary to decide the initiation and monitoring of ART. The published data on the CD4+ T cells count
in healthy Indian adult population have been reviewed, analyzed and discussed in this review article. The

requirement of establishment of reference ranges in Indian population is discussed.
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CD4+ T helper lymphocytes play a central role in
regulation of immune response'. They have capacity
to help B cells for generating antibodies, to recruit
and activate macrophages, to recruit neutrophils,
eosinophils, and basophils to sites of infection
and inflammation’. The immunophenotyping of
the lymphocytes, especially CD4+ T cells from
peripheral blood is being used to assess the extent of
immune dysfunction in the primary and secondary
immunodeficiency, chronic infectious diseases and
various cancers such as Hodgkin’s disease, lymphoma,
etc. The clinical applications of immunophenotyping
of CD4+ T cells include the monitoring of disease
progression in HIV infection®*, diagnosis of
immunodeficiency disorders®®, evaluation of immune-
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mediated diseases’, and the assessment of immune
reconstitution following stem cell transplantation®.

Decreased CD3+ and CD4+ T cells and increased
IgE levels were more frequently observed in the
Hodgkin’s disease survivors with recurrent infections.
Hence, examination of lymphocyte subpopulations
may be helpful in the prediction of an increased risk
of recurrent infections in Hodgkin’s disease survivors’.
The same investigators further reported similar findings
in nephroblastoma long term survivors at five years post
anti-cancer therapy'’. The CD4+ T lymphocytes were
decreased in disease survivors. Similarly, the depletion
of CD4+ T cell inrenal transplant recipients is associated
with the development of solid cancers and lymphoma!'.
The CD4+ T cell count estimation became an important
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parameter for monitoring immune deficiency after the
discovery of the acquired immune deficiency syndrome
(AIDS). One of the main factors that led to defining the
AIDS as new clinical entity was the facility available
to measure the ratio of helper (CD4+) to suppressor
(CD8+) T lymphocytes. All AIDS patients were found
to have highly inverted ratio of CD4+ to CD8+ T
lymphocytes indicating marked immunosuppression.
Subsequently it became evident that HIV infects CD4+
T lymphocytes selectively and causes the destruction
of CD4+ T cells directly as well as indirectly leading to
gradual loss of the CD4+ T cell numbers in peripheral
circulation. Hence the monitoring of the CD4+ T cell
count became an important parameter for assessing
HIV disease progression'?!3,

Estimation of CD4+ T cell counts in the peripheral
blood

Flowcytometry is the gold standard for the
estimation of CD4+ T cell counts due to its accuracy,
precision and reproducibility and hence is used widely.
This technology is capable of high sample throughput
and offers great versatility in its applications. However,
flow cytometry based CD4+ T cell estimation is
relatively complex, and technically demanding. The
equipment is costly and needs regular maintenance.
Additionally, it is essential that operators of the
flowcytometer be sufficiently trained in the technical
and biological aspects of CD4+ T cells measurement.
The introduction of simpler and portable instruments
working on the modified flowcytometry principles
are now available and are being increasingly used
throughout the world.

Flowcytometry can be used to estimate CD4+ T
cell count using either dual platform or single platform
approach. The dual platform flowcytometry approach
uses haematology analyzer to measure absolute
lymphocyte count and flow cytometer to estimate the
relative percentages of CD4+ T cells; the absolute
CD4+ T cell number is calculated by multiplying
absolute lymphocyte number with percentage of CD4+
cells and dividing the product by 100. The variations
in absolute lymphocyte count add to the variations in
the output of flowcytometer'*!>. In the single platform
approach, the flowcytometer is equipped to give both
relative percentages and absolute counts of lymphocyte
subsets using single observation eliminating the
variations introduced due to haematology analyzer.
Hence a single platform approach is now being used
widely for estimation of absolute CD4+ T cell count.
To date, single-platform technologies have two options,

microbead-based technologies and the volumetric
technologies®. There are a number of alternative
technologies for CD4+ T cells estimation reported
in literature; however, the flowcytometry is still the
method of choice.

Factors influencing CD4+ T cell counts

The CD4+ T cell count has been shown to be
influenced by sex, age, race, time of specimen
collection (diurnal rhythms), physical and psychological
stress, pregnancy, drug administration (zidovudine,
cephalosporin, cancer chemotherapy, nicotine and
steroids), tuberculosis, viral infections, presence of
anti-lymphocyte auto antibodies and procedures like
splenectomy'®!’. Females tend to have higher CD4+
T cell counts than males; on the contrary males have
higher CD8+ T cell counts than females'®'%2°. Although
in adults, age does not have influence on CD4+ T cell
counts significantly?’, decrease in CD4+ T cell counts
may be observed in geriatric population.

Apart from physiologic or pathologic conditions,
factors that cause variations in the CD4+ T cell
counts include instrument used, time of collection and
methodologies used for collection, processing and
analyzing the whole blood samples. The factors such
as integrity of the blood sample, staining reagents and
fluorochromes, equipment calibration and performance,
gating strategies used for the analysis also add to the
variation in the CD4+ T cell counts®'?, Experience
and proficiency in gating and use of lyse-no-wash
procedure markedly controlled the inter-laboratory
variation in CD4+ T cell counts?. The standardized
procedures are now also available in terms of CDC/
WHO guidelines*”%; strict adherence to guidelines can
reduce the variation further.

Even under strict quality control regime,
the variations in CD4+ T cell counts measured
using different equipment and following different
methodologies can be as high as 20 per cent in
controlled conditions with adequate technical
expertise. Diurnal variation (the variation in the
CD4+ T cell counts in the sample collected at
different time points during 24 h period in the same
individual) adds to this variation by as much as 20
per cent. Malone et a/* studied the diurnal variation
in CD4 counts in HIV-positive and HIV-negative
individuals. While both groups reported significant
diurnal variation, the variation was greater in HI'V-
negative individuals. The lowest level of CD4+ T
cell counts was seen in the morning around 1000 h,
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and the highest at around 2000 h. A recent study in
the Caribbean population confirmed that there was a
progressive increase in CD4+ T cell count throughout
the day. It showed that diurnal rhythms influence the
lymphocyte subsets in a normal population®’. Large
diurnal variations in CD4+ T cell count and T cell
function were observed among HIV infected and
non-infected drug users also®'. Hence for the sake of
comparability of values it is recommended that the
blood for CD4+ T cell counts should always be drawn
at the same time of the day in a given individual.

CD4+ T cells are also known to fluctuate with
strenuous physical activity. A study conducted in 20
healthy HIV-negative individuals showed significant
decrease inthe CD4 lymphocyte count after the rest for
60 min. The baseline mean CD4+ T cell count in these
individuals at 0 min was 1060x10°1 which was found
to be decreased to 660x 10%1 after rest for 60 min
(P =0.0017)*.

CD4 per cent and CDS8 per cent in healthy adult
population

As against absolute CD4+ T cell count, CD4 per
cent is found to be more stable with respect to time
of the day, reagents, equipment used, gating strategies
and biological factors that influence the CD4 counts.
Though CD4 per cent is not considered a good predictor
of HIV disease progression, it indicates whether the rise
or drop in CD4+ T cell count is a real change or just
a fluctuation. It has been observed that patients with
relatively high absolute CD4+ T cells count but low
CD4+ T cell percentages experienced faster disease
progression than subjects with low CD4+ T cell counts
but high CD4 percentages*™?*. Hence, CD4+ T cell
percentage may be used as an additional indicator for
monitoring the success of antiretroviral therapy (ART).
CD4+ T cell percentage is less variable than absolute
count; within-subject coefficient of variation is 18 per
cent for CD4 per cent vs. 25 per cent for CD4 count®,
An assessment of the effects of instrumentation,
monoclonal antibody and fluorochrome on flow-
cytometric immunophenotyping has suggested that
by controlling these parameters the inter-laboratory
agreement on CD4+ T cell percentages will greatly
improve?!.

It has been observed that CD4 per cent or CDS per
cent values are also less variable in pregnant women
as compared to absolute counts. The absolute CD4+ or
CDS8 T cell counts are significantly lower in pregnant
women as compared to non pregnant women*°. This

could be because of haemodilution which occurs in
pregnancy and hence percentages would be more useful
indicator of immune function in pregnant women also.

CD4+ T cells in healthy children

The CD4+ T cell counts are normally higher in
children compared to adult population. With increasing
age the CD4+ T cell counts decrease to attain adult levels
at about three to six years of age. A study conducted by
Kotylo et al’” has shown that the relative and absolute
numbers of CD4+ T cells are high at birth, decrease
during early childhood, and closely approximate adult
reference values after the age of 3 yr. It was shown
that the CD4+ T cell count declined with age until the
age of 18 yr in Ugandan and Turkish population and
until the age of 10 yr in children from Kenya***. The
reference ranges for both CD4+ T cell percentages and
absolute counts in African children differ from those
reported in Europe and North America*®*'>, These age
related variations in absolute CD4+ T cell counts in
children present a challenge while monitoring disease
in HIV infected children.

The studies conducted in paediatric population
have shown relatively stable CD4 per cent in different
age groups in children and hence, usually CD4+ T cell
percentages are referred for monitoring children with
HIV infection and management of ART*-.

Need for estimation of reference ranges for CD4+
T cells

The information on the reference ranges of
CD4+ T cell counts in a population is required for
the application in the clinical settings such as various
immune deficiencies. Reference values help in proper
assessment of the degree of immunodeficiency in
various conditions including HIV infection. The lower
normal limits of CD4+ T cell counts are important in
the routine diagnosis for interpreting putative HIV-
associated changes*’*,

Reference ranges for CD4 counts in different
geographic location

Studies have been carried out worldwide to establish
reference ranges for CD4+ T cell counts. Variations in
the reference ranges for CD4+ T cell counts have been
observed in different populations. In United Kingdom,
the mean CD4+ T cell count in normal healthy persons
was 830 £ 290 cells/ul*’. The mean CD4+ T cell counts
varied from 868 to 1036 cells/pl in healthy adult non-
smoker Caucasian populations in different studies in
Western populations'®*. Mean/median CD4+ T cell
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counts reported from other parts of world also fall
approximately in the same range such as 910310
cells/ul for Thai population®®, 863.9+234.8 for African
populations’!, 727 £255 cells/ul for Chinese population
and 869+310 for Saudi men®>*, A study conducted on
232 healthy Asian individuals reported a wide range of
CD4 cell counts, (401 to 1451 cells/ul) with a mean and
median of 838 and 814 cells/ulrespectively>. Earlier, a
Study conducted in China reported a reference range of
330 to 1508 cells/pl from 208 healthy volunteers (mean
785 and median 730 cells/ul)*>. Reference range of
559 to 2333 cells/pl (mean=1256 cells/pl) for absolute
CD4+ T cell counts was reported in healthy Ugandans
and 547 to 1327 (mean= 8§28 cells/ul) in Nigerian
adults*>*%. Similarly, the CD4+ T cell reference range
in healthy adults from Turkey was from 437 to 2072
(mean 1095 and median 1055 cells/pl)*’. Comparison
of mean CD4+ T cell counts between Ethiopian and
Dutch populations showed considerably lower CD4
T cell counts in Ethiopian population (mean=775
cells/ul) as compared to Dutch populations (mean=

993 cells/ul)®. The CD4+ T cell reference range in
102 study participants from Tanzania was reported as
312 to 1368 cells/pl (mean 746 and median 723 cells/
ul)¥*. Reference ranges of CD4+ T cell counts in HIV
negative blood donors of Botswana was found to be
171-1652 cells/pl (Mean 759 and median 726 cells/
ul)®. Such a varied difference in CD4 ranges reported
in various studies could be because of racial and ethnic
differences in the populations studied.

CD4+ T cell counts in healthy adult Indian
population

The literature search revealed 15 studies that
have determined CD4+ T cell counts in healthy HIV
negative Indian adults, either for determination of
reference ranges or as a control population in studies
involving patient populations (Table). These studies
were conducted in different geographic locations in
India. Nine of 15 studies were carried out with the
objective of estimating normal range for CD4 count; in
four studies values were obtained from normal healthy

Table. CD4+ T cell Reference ranges reported by Indian studies

Geographical ~ No. of Absolute CD4 count (cells/pl) CD4% Reference
location subjects Range Mean and/ or median Range Mean and/ or median no.
East (E) 14 - 848/- - 36/ - 70
44 Male: 379-1128, Male: 711 /651 - - 71
Female: 547-1181 Female: 766 /745
West (W) 94 430-1740 865/ - 30.75-49.60 40.2/ - 20
30 539-1627 965/ - 48-68 55.27/ - 36
252 Male: 374-1398 Male: 727 /705 Male: 24.2-55.1  Male: 36.89/36.60 69
Female: 380-1493 Female: 845/839 Female: 27.5-65  Female: 41.38/41.60
65 Male: 379-1800 Male: 743.4/690 - - 73
Female: 321-1265 Female: 790.4/741
North (N) 84 Male: 365-1328 Male:763.6/- Female:797.9/- - - 18
Female: 415-1257
200 304-1864 -/ 666 17.5 t0 50.6 -/35 64
40 - 818.4/ - - - 66
125 Male: 640-734 Male: 687/ - - - 65
Female: 656-824 Female: 740/ -
South (S) 44 - 1048/ - - - 76
99 753.3-844.7 799/ - - 33.0/ - 67
30 - 834.6/ - - - 68
213 Male: 383-1347 Male: 865/845, - 40.2/40.1 63
Female: 448-1593 Female: 1021/954
Multicentric 1027 - - E:---- E----- 61
study” W: 15-65 W:39.46/38.75
N: 15-60 N:37.38/37.26
S: 14-51 S:32.43/33.0

"The only multicentric study conducted by ICMR Task Force in 1998. The mean and range of CD4 per cent given in the Table is the collective

data from 3 centers (north), 2 centers (west) and one center from south
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subjects as a control group in comparison with others.
Two studies were carried out with the objective of
comparing Indian CD4+ T cell counts with Western
population®©7,

The sample size in 14 of these 15 studies varied
from 14 to 213. The only multicentric study was
conducted by the National Task Force, constituted by
the Indian Council of Medical Research (ICMR)°®'. This
study was conducted at six centers viz; Chandigarh,
Delhi (two centers), Mumbai, Pune and Vellore and the
sample size was 1027. However, this study had a major
limitation in that the study established reference values
only for CD4+ T cell percentages and not absolute CD4
counts.

Majority of the studies have used flowcytometric
assays based on either single or dual platform
techniques, which applied equipment like FACSSort,
FACSCount, FACSCalibur, and Coulter Epics-XL.
Two studies used ELISA based assays; Capcellia
assays and magnetic bead based microscopic assay
respectively®®. Although sample collection was
restricted to morning hours in a few studies, diurnal
variations were not controlled in other studies.

The reported lowest value of CD4+ T cells count
varied between 304 to 500 cells/pland highest CD4+
T cells count varied between 1000 cells/plto as high
as 1864 cells/ul*% indicating the wide difference that
exists in the CD4 reference ranges. The mean CD4+
T cell counts as reported in different Indian studies
are illustrated in the Figure. The mean CD4+ T cell
counts in the north India varied from as low as 703
to 818 cells/ul®>%¢, in south India from 799 to 1048
cells/pl6267:6876 743 to 965 cells/pl?*® in western
India and 848 cells/ul”™ in eastern India. Although
CDA4+ T cell counts in south Indian population appear
higher than those in north in several studies (Fig.),
the CD4+ T cell percentages as reported in the only
multicentric study were significantly lower in south
Indian population compared with the populations in
other parts of the country®'. The females have been
observed to have higher CD4+ T cell counts and
males have higher CD8+ T cell counts in different
Indian studies'®®*’!, The mean CD4 per cent in
different geographical regions of India varied from
32.43 per cent (south Indian population; range 14
to 51%) to 41.15 per cent (population from western
India; range 15 to 65%)3¢6%4, Overall, mean CD4
per cent has been found to be lower (37.1 &+ 7.8) in
the Indian multicentre study as compared to 43.0 per
cent +7.5 reported in US population*®®!. It has been
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Fig. Comparison of mean and median absolute CD4 counts in
normal healthy individuals as reported from different parts of India:
(a) Comparison of mean CD4 counts, (b) Comparison of median CD4
counts from different regions of India. Mean/median CD4 counts in
cells/ul is plotted on Y axis and studies done in different regions of
India are plotted on X axis. Red and green colours indicate CD4 values
from females and males respectively. The black colours indicate CD4
values irrespective of the gender. The number above each value
indicates number of samples tested to get the value in the study.
Source of data: Refs. 18, 20, 36, 61, 63-71, 73-76.

suggested by Lifson et al”? that a ratio below 0.85
should raise the suspicion of high risk behaviour
of acquiring HIV. However, the studies conducted
in normal Indian populations showed variations in
CD4:CD8 ratio from 0.04 to 3.5%. The mean CD4:
CD8 ratio varied between 0.94 to 1.78 in different
studies®”’®. The ICMR multicentric study has
reported a mean CD4:CDS ratio of 1.2 from the six
centers in different locations in India®'.

Studies on reference ranges in a multiracial
Asian population suggest that there may be a true
genetic difference in lymphocyte subsets®. Also, the
comparison of published data from India and other parts
of the world shows that the CD4+ T cell counts differ
with the population, suggesting that each population
should have its own reference range for lymphocyte
subsets. In another study the reference ranges of CD4+
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T lymphocyte subsets obtained in an Afro-Caribbean
population were compared with those published by the
WHO and CDC and no significant differences were
observed in any of the lymphocyte subsets indicating
that the available information can still be used in that
population’.

CD4+T cell counts in HIV infected individuals in India

An Indian study showed that the majority of the
HIV infected individuals with CD4 counts of 200-350
cells/ul had higher viral load than that suggested by
the International AIDS society’ and a cut-off CD4+
T cell count of 243 cells/ul reported in this study
distinguished asymptomatic (CDC clinical category
A) from symptomatic (CDC clinical category B)
individuals™. This observation highlights the need of
validation of the western cut-off values for the target
population. Recently a study conducted by Kitahata et
al”” suggested that the early initiation of the treatment
might be important for better prognosis of the HIV
infection. The study showed that among patients with
a 351-500 CD4+ count, the deferral of antiretroviral
therapy was associated with an increase in the risk
of death of 69 per cent, as compared with the early
initiation of therapy. In the light of this finding, the
reference ranges might be of great importance in
making decisions on the initiation of the ART.

Decision on initiation of ART or prophylaxis for
opportunistic infections (OIs) is a critical issue in
the management of HIV infected persons. It has been
observed that most of the Ols like cryptosporidiosis,
toxoplasmosis, herpes zoster, cryptococcal meningitis,
Pneumocystis jerovici pneumonia, penicillinosis and
CMV retinitis were seen in patients having CD4+ T
cells <200 cells/pl. On the contrary, tuberculosis and
candidiasis may be seen below the count of 400 cells/
ul as observed in one of the Indian studies”. This study
showed that all patients with CD4+ T cell counts <200
cells/ul were symptomatic. Of the patients with CD4+
T cells count of 201-300 cells/ul, 70 per cent males and
30 per cent females were symptomatic. The presence of
oral candidiasis and weight loss were highly predictive
of low CD4 counts as reported by Ghate et al”® and these
can be considered as markers of HIV disease progression.
A study conducted in south Indian population” reported
that tuberculosis is more common in patients with CD4
counts <300 cells/ul, however, it can occur over a wide
range of CD4 counts, which may be indirectly influenced
by wider range of basal pre-infection CD4 counts in
a population indicating importance of information on
CD4 counts in healthy individuals.

Conclusion

The available published data on CD4+ T cell counts
in normal healthy Indian adults are not adequate for
determining reference ranges for Indian population as
these have a number of limitations. The data have been
generated using different equipment (flowcytometers,
modified flowcytometers and non-conventional
methodologies like bead-based assays and ELISA)
and methodologies (dual platform or single platform
or non conventional methods). Differences in the
procedures for sample collection, time of sample
collection, methodology used for sample processing
(e.g. red cell removal techniques, staining, washing,
and fixation), variation in the antibody panel used and
analysis including gating strategies make it impossible
to pool the data from different studies. Many of the
studies had inadequate sample size and hence, the
results from these studies cannot be generalized. Only
one study conducted by ICMR presented data with
adequate sample size that included populations from
different parts of the country. However, the single
platform technology was not available at the time of
study and thus the reference ranges were determined
only for percentages and not for the absolute counts.
Since absolute CD4+ T cell counts are used for HIV
disease monitoring and initiation of ART, it is important
to determine the reference values for absolute CD4+
T cell counts in Indian population. Also, the statistical
values reported by the studies vary with many of the
studies reporting mean instead of median values. Since
median values need to be taken into consideration
while analyzing the data as varied as CD4 cell counts,
the comparison of data reported by different studies is
difficult.

In conclusion, the data available on reference
ranges for CD4+ T cell counts in Indian population
are not comparable and there is a need to generate
reference ranges in normal population in a well
designed multicentric study. The availability of
standardized procedures, pretested and calibrated
controls and external quality assurance programmes
can help generate robust reference values. The
establishment of such reference ranges for CD4+ T
cells count would provide region-wise differences,
if any, in CD4 counts in India and would serve as
baseline data for comparison of studies done for
analysis of CD4 counts in HIV infected patients.
The CD4 ranges would also help in the management
of immunodeficiencies other than HIV and in the
assessment of immune reconstitution.
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